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Current limitations for EDL

Why do we need an Aeroshell?
e MSL pushing the physical limits
o Payload mass
o Size of the vehicle

e [Decelerate interplanetary probe
o Robotic missions
o Manned missions to Mars

Courtesy: NASA - IRVE-3
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The Design Conditions

Max. G-load 5.2g

Mass 10 tons
(10% for aeroshell)

Entry speed 7000 m/s

Courtesy: NASA - IRVE-3
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Mission Phases

Interplanetary Trajectory

1.

2. Aerocapture

3. Mars Synchronous Orbit
4. Entry, Descent to Landing

|
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Aerocapture - Design Drivers

Entry conditions Exit conditions
e |Interplanetary orbit e Successful aerocapture
e Mars synchronous
elliptical orbit
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Aerocapture - Design Drivers

Entry conditions Exit conditions
e |Interplanetary orbit e Successful aerocapture
e Mars synchronous
elliptical orbit

V,.,=7000m/s NN V<4950 m/s
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Aerocapture - Design Drivers
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Aerocapture - Design Drivers

Downward leg

e Peak loads on the thermal
protection system

68.1W/cm?
e Attime of research
20 W/cm?

e Futureresearch
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Aerocapture - Design Drivers

Exit conditions

e C(rucial

o Density variations of 100 %
o Skip out

Extensive control and tracking
required
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Aerocapture - Design Drivers

Exit conditions Solutions

e Crucial e Marginsincluded

o Density variations of 100 %

o Skip out e Decoupled vertical and

horizontal control

Extensive control and tracking

. > Two mechanisms required
required
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CONTROL
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Aerocapture - Design Solutions

Internal CG shift + thrusters
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Aerocapture - Design Solutions

Internal CG shift + thrusters External CG shift
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Aerocapture - Design Drivers

External CG shift
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Aerocapture - Flight Path controller

Vertical CG - shift during aerocapture
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Mars Synchronous Orbit
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EDL - Design Drivers

Entry conditions
e Lowered Mars synchronous

elliptical orbit
0V = 47153 m/s
Yentry = -11.55 deg
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Goal conditions

e Target energy level
o Height> h=13000m
o Velocity » V=18 Mach



EDL - Design Drivers

Entry conditions
e Lowered Mars synchronous

elliptical orbit
e Ventry = 47153 m/s
Yentry = -11.55 deg
Critical loads

e Maximum g-load
e Reaching target energy level
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Goal conditions

e Target energy level
o Height> h=13000m
o Velocity » V=18 Mach



EDL - Design Drivers

Critical loads

%0 e Maximum g-load

. e Reaching target energy level
3
é >0 Solution
= ; % i : :

30k S I B e Include a margin

e Change the flight profile during
10, : : ; 4 . the descent
G-loads [-]
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EDL - Design Drivers

Reaching the target energy level

® Re-entry optimization

e (Change the loads at critical points
o After maximum g loads

= Reduce lift, and also drag! | | |

o After skipping is impossible Mes 1o 195 2 205 2

Final Mach number [-]
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Summary

Aerocapture Mars Synch Orbit EDL

ey
b/

® [PSsystem e [xit conditions e G-loads
e Targetenergy
level

The preliminary study has shown that external center of gravity shift is feasible.
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